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osting by E
cense.Abstract A new, simple, sensitive, precise and robust high-performance thin layer chromato-
graphic (HPTLC) method was developed for the estimation of andrographolide in herbal extracts
and pharmaceutical dosage forms. Analysis of andrographolide was performed on TLC aluminium
plates pre-coated with silica gel 60F-254 as stationary phase. Linear ascending development was
carried out in twin trough glass chamber saturated with chloroform:toluene:methanol (66:26:8,
v/v/v) at room temperature (25 ± 2 C). The Rf value of andrographolide was found to be 0.49.
Camag TLC scanner III was used for spectrodensitometric scanning and analysis in absorbance
mode at 229 nm. The system was found to give compact spots for andrographolide (Rf value of
0.49). The data for calibration plots showed good linear relationship with r2 = 0.9986 in the con-
centration range of 200 ng to 1000 ng with respect to peak area. The present method was validated
by precision, recovery, robustness and reproducibility according to ICH guidelines. The limits of
detection and quantiﬁcation were determined and it was found to be 3.5 and 11.7 ng, respectively.
Statistical analysis of the data showed that the method is reproducible and selective for estimation
of andrographolide.
ª 2010 King Saud University. Open access under CC BY-NC-ND license.5027060.
co.in (R.K. Agrawal).
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lsevier1. Introduction
Andrographis paniculata (Burm. f.) Nees (family: Acanthaceae)
is a traditional remedy for fever, and for treatment of infec-
tious fever-causing diseases. This plant material is used to treat
cold, hypertension, diabetes, cancer; malaria, anti-viral and
snake bite (Dua et al., 2004; Kumar et al., 2004; Zhang and
Tanm, 2000; Rajagopal et al., 2003; Calabrese et al., 2000).
The active components of A. paniculata are very bitter diter-
pene lactones known as andrographolides (AP) found in the
384 P.K. Jain et al.aerial parts of the plant. Andrographolides is colourless and
crystalline diterpene lactone (Fig. 1). Zhao et al. (2002) and
Shah et al. (2007) compared HPLC and spectrophotometric
methods for determination of AP in A. paniculata, in their re-
port the HPLC method was more sensitive than the spectro-
photometric method. Other methods reported on the
analyses of AP include microemulsin electrokinetic chroma-
tography (Yanfang et al., 2006), RP-HPLC (Xu et al., 2002),
Counter current chromatography, micellar electrokinetic capil-
lary chromatography (Zhao et al., 2002) and densitometric
(Srivastava et al., 2004). Recently Akowuah et al. (2006), Mis-
ra et al. (2009), Raina et al. (2007) and Vijaykumar et al. (2007)
reported HPTLC and HPLC estimation of AP in A. panicula-
ta. Jain et al. (2000) reported the LC analysis of hepatoprotec-
tive diterpenoids from A. paniculata. Patel et al. (2008)
described about the simultaneous estimation of andrographo-
lide and wedelolactone in herbal formulations. Only very few
HPTLC methods were reported for the determination of AP.
So, we developed and reported a new simple and sensitiveO
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Figure 1 Chemical structure of andrographolide.
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Scheme 1 Steps involved in extracHPTLC method for the determination of AP, the major bioac-
tive diterpenoids in A. paniculata.
2. Experimental
2.1. Materials
A. paniculata was procured from local suppliers and was as-
sessed biologically by the Head, Department of Botany, Dr.
H. S. Gour University, Sagar (M.P.), India. Standard andro-
grapholides obtained as gift sample from a local pharmaceuti-
cal company. All chemicals and reagents used were of
analytical grade.
2.2. Isolation and characterization of AP
Leaves of A. paniculata (1.0 kg) were obtained from three dif-
ferent regions viz., Madhya Pradesh variety (MPK), variety of
Maharastra (MHK), and Uttar Pradesh (MHA)., were dried,
powdered and extracted with methanol by soxhlation. The
detailed procedure of extraction is given in Scheme 1. The
isolated compound was characterized by spectral analyses.
The methanol extracts were re-dissolved in 10 ml of methanol
for HPTLC analysis.
2.3. Instrumentation and chromatographic conditions
The samples were spotted in the form of bands of 6 mm with
Camag microlitre syringe on pre-coated silica gel aluminium
plate 60F-254 (20 · 10 cm) with 200 lm thickness (E. Merck,
Germany) using a Camag Linomat V (Switzerland) sample
applicator. A constant application rate of 150 nl s1 was em-
ployed and space between two bands were 12.3 mm. The slit
dimension was kept at 5 mm · 0.45 mm and 20 mm s1 scan-
ning speed was employed. The composition of mobile phase
is chloroform:toluene:methanol (66:26:8, v/v/v). Linear
ascending development was carried out in a twin trough glass
chamber saturated with mobile phase. The optimized chamber
saturation time for the mobile phase was 30 min at room tem-Filter it  
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80 mm. Then the plate was allowed to dry at room tempera-
ture. The separated bands on the HPTLC plates were scanned
over the wavelength of 190–400 nm. The maximum absor-
bance was found at 229 nm.
2.4. Calibration curve of AP
Fifty milligrams of standard AP was dissolved in 50 ml of
methanol in a volumetric ﬂask. From this stock solution we
have taken 1 ml in a 10 ml volumetric ﬂask and adjusted the
volume to 10 ml with methanol (100 ng ll1). Then 2 ll, 4 ll,
6 ll, 8 ll, and 10 ll of the standard solution (200–1000 ng)
was applied over on pre-coated silica gel 60F254 TLC plate
and developed the plate in the solvent system to a distance
of 8 cm. The developed plate was dried in air and scanned at
229 nm. Calibration curve was constructed by plotting peak
area vs. concentration.
2.5. Method validation
Validation of the present method was done by sensitivity, limit
of detection, limit of quantiﬁcation, accuracy, precision, repro-
ducibility and stability studies.
2.5.1. Sensitivity, limit of detection and limit of quantiﬁcation
These parameters were calculated from the data set obtained
from a linear calibration curve in the range 200–1000 ng
(two replicates for each standard). For this purpose, a 10 ll
of the corresponding methanolic standard solution was applied
in duplicate as bands of 2 mm. Application parameters were
the same as above, except for delivery speed, which was chan-
ged to 50 nl s1 in order to obtain an appropriate evaporation.
The corresponding slope and regression standard deviation
(SY/X) values were used to establish sensitivity (SY/X/b). LOD
was calculated with the following equation:Table 2 Reproducibility of the HPTLC method (n= 3, 600 ng spo
Days Estimated amount of andrographolide from herbal extract (
MHK UPK MPK F-1
I
II
III
Mean
2.32
2.34
2.31
2.32 ± 0.013
2.39
2.37
2.38
2.37 ± 0.019
2.46
2.44
2.47
2.46 ± 0.01
1.2
1.2
1.2
1.2
Table 1 Recovery studies (n= 3).
SI. No. Herbal extract/formulation Amount of andrographolide
present (lg)
1 MHK 10, 100, 1000
2 UPK 10, 100, 1000
3 MPK 10, 100, 1000
4 Formulation-I 10, 100, 1000
5 Formulation-II 10, 100, 1000
6 Formulation-III 10, 100, 1000
7 Formulation-IV 10, 100, 1000
RSD – relative standard deviation, SE – standard error.
a Average of three different quantities of andrographolide added (50, 1LOD ¼ 3 SY=X=b
  ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃn 2
n 1
r
LOQ was calculated by multiplying the value of LOD with 10.
2.5.2. Accuracy (recovery analysis)
Accuracy of the present method was determined by standard
addition technique. Three different concentrations (50, 100
and 150%) of standard were added to a previously analyzed
sample, and the analysis was repeated as mentioned above.
2.5.3. Precision
Precision of an analytical method is expressed by S.D. and %
R.S.D. of series of measurement. It was ascertained by repli-
cate estimation of the samples by proposed method.
2.5.4. Reproducibility
The similar analysis process was repeated under the same set of
condition for three days. The sample and standard solution
prepared earlier were used of this study. On HPTLC plate ﬁve
spots of sample and two spots of standard were applied, the
plate was developed, scanned and densitograms were recorded.
Same analysis procedure was repeated for the next two days
and the concentration of the sample was calculated (Table 2).
2.5.5. Stability
Sample solutions of the extracts were prepared and stored at
room temperature for 10, 30, 60, 120 and 240 min. and then
applied on the chromoplate, after development the chromato-
gram was evaluated for additional spots.
2.6. Analysis of AP in herbal extracts
The powered methanol extract (100 mg) was placed in a coni-
cal ﬂask and diluted with methanol, ﬁltered and volume was
made up to 100 ml with methanol (1 lg ll1). Sample solutiont1).
%)/formulations
F-2 F-3 F-4
8
6
9
7 ± 0.129
1.68
1.64
1.69
1.65 ± 0.151
1.41
1.42
1.39
1.41 ± 0.187
1.05
1.06
1.03
1.46 ± 0.129
Amount of andrographolide
added (lg/mL)
% Recoverya % R.S.D. S.E.
232.0 99.70 ± 0.254 0.0164 0.146
239.0 98.9 ± 1.569 0.0137 0.901
246.0 97.8 ± 1.065 0.0113 0.615
257.9 96.8 ± 1.05 0.0135 0.60
337.8 98.0 ± 0.75 0.0175 0.43
282.7 98.5 ± 2.61 0.0261 1.50
210.8 98.96 ± 1.66 0.0273 0.95
00 and 150%).
386 P.K. Jain et al.(10 ll) was applied over on a pre-coated silica gel 60 F254 TLC
plate of uniform thickness (0.2 mm). Developed the plate in
the solvent system and recorded the chromatogram as de-
scribed previously for the calibration curve and the amount
of AP present in the different dried powdered extract was cal-
culated from the calibration curve.2.7. Analysis of AP in pharmaceutical formulations
Polyherbal formulations (20 tablets/capsules, weight of each
around 600 mg) were weighed and ﬁnely powered. The pow-
dered drug equivalent to 100 mg of A. paniculata in the each
formulation was weighed accurately. Each of weighed formu-
lation was extracted with 30 ml of methanol for 10 min in
ultrasonic bath. Filter it through Whatmann ﬁlter paper, the
volume was made upto 50 ml with methanol, and these solu-
tions were used for analysis (2 lg ll1).
On HPTLC plate, 10 ll of samples solution were spotted.
Then the plate was developed and scanned as the procedure
described under calibration curve. The peak area of standard
and sample were compared to obtain the concentration of
sample.Figure 2 Multiwavelength scanning of Andrograph
Figure 3 Chromatogram of standard andrographolide (600 ng
chloroform:toluene:methanol (66:26:8, v/v/v).3. Results and discussion
3.1. Characterization of AP
The structure of AP was identiﬁed by comparing their UV,
FTIR, NMR and MS spectral data with the literature data
(Rao et al., 2004). Obtained AP is a colourless plate, recrystal-
lized from methanol and its melting point was 238–240 C
(uncorrected). The compound showed a strong UV absorption
at 229 nm, infrared (IR) bands at 3423 cm1 (hydroxyl group),
1725 and 1676 cm1 (a,b-unsaturated-galactone), and
905 cm1 (exo-methylene). [M+1] peak at 351 in the EIMS
spectrum is corresponding to the molecular formula
C20H31O5, of AP.
3.2. HPTLC analysis
A mixture of chloroform:toluene:methanol (66:26:8, v/v/v)
mobile phase gave a good resolution of the marker (AP) and
reproducible peak at Rf value of 0.49. (Figs. 2 and 3). The cal-
ibration curve (Fig. 4) for the marker was linear over the range
of 200–1000 ng ml1. The LOD values of AP by HPTLC wasis paniculata extract for selection of wavelength.
spot1). AU – area under curve, Rf = 0.49, mobile phase:
y = 9.2849x + 62.008
R2 = 0.9996
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Figure 4 Calibration plot of andrographolide (kmax = 229 nm).
Mobile phase: chloroform:toluene:methanol (66:26:8, v/v/v).
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dard solution, multiplying the standard deviation of the peak
area by three and converting from area to concentration.
The recovery rates were determined at three different concen-
trations of the marker to the extracts and analyzed quantita-
tively in triplicate. Mean recoveries for AP from the extract
by HPTLC assay were found 97.8–99.7% and from formula-
tions 96.8–98.5% (Table 1), which indicates the accuracy of
the method. The precision of the HPTLC instrumentation
was checked by repeated scanning of the same spots of theFigure 5 Chromatogram of extract of Andrographis paniculata (600 ng
peaks are belongs to other components present in the extract, mobilemarkers three times on a same day (intra-day precision) and
on three consecutive days (inter-day precision) and the relative
standard deviations values were calculated. The results showed
acceptable precision with the method as revealed by relative
standard deviation data shown in Table 1. The UV–Vis
absorption spectra recorded on the CAMAG TLC scanner
at the start, middle and end position of the AP bands was
superimposable indicating the purity of the AP peak. The
HPTLC procedure was used as fast screening method for the
samples collected from different locations. Qualitatively, simi-
lar HPTLC ﬁngerprints were obtained for all the extracts from
different locations giving reliable indication of the same iden-
tity. AP was well separated in the extracts by the HPTLC
method and detected in all the samples at Rf value of 0.49.
Using the techniques of the HPTLC and the UV–Vis spectra,
the amount of AP in the methanol extracts were found varying
from 2.32 to 2.46% weight of dry powder.3.3. Estimation of andrographolide in herbal extracts
A single spot at Rf = 0.49 was observed in the chromatogram
of the andrographolide isolated from extract along with other
components. There was no interference of the other compo-
nents present in the extracts. These components appeared in
the chromatogram at signiﬁcantly different Rf values
(Fig. 5). The total andrographolide content in herbal extracts
MHK-1, UPK-2 and MPK-3 were 2.32%, 2.37% and 2.46%
w/w, respectively.spot1). AU – area under curve, peak 3 is andrographolide. Other
phase: chloroform:toluene:methanol (66:26:8, v/v/v).
Figure 6 Chromatogram of andrographolide containing pharmaceutical formulations. AU – area under curve, peak 3 is
andrographolide. Other peaks are belongs to other components present in the formulations, mobile phase: chloroform:toluene:methanol
(66:26:8, v/v/v).
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formulations
A single spot at Rf = 0.49 was observed in the chromatogram
of the andrographolide extracted from formulations. There
was no interference of the other active components and excip-
ients present in the formulations (Fig. 6). The total androgra-
pholide content in pharmaceutical formulation-1, formulation-
2, formulation-3 and formulation-4 were 1.28%, 1.68%,
1.41% and 1.05% w/w, respectively. The percentage recovery
from the formulations was 96.8–98.5%.
The present HPTLC method for the estimation of androg-
rapholide is accurate, linear, rugged, simple and rapid than the
reported methods. In the present method we have used chloro-
form:toluene:methanol (66:26:8, v/v/v) as mobile which gave
better resolution then the reported methods by using tolu-
ene:ethylacetate:formic acid (vijaykumar et al., 2007), chloro-
form: methanol (Misra et al., 2009) and chloroform:
methanol (Raina et al., 2007) as mobile phase.
4. Conclusion
From the above studies, it can be concluded that HPTLC tech-
nique can be successfully used for estimation of andrographo-
lide in plant extracts and polyherbal formulations. Statistical
analysis proves that the method is reproducible and selective
for the analysis of andrographolide. Further the proposed
method can be extended to study the degradation of androgra-
pholide under different stress conditions, as per the ICH guide-
lines recommendations.Acknowledgement
One of the authors Mr. Punit K. Jain is grateful to U.G.C. for
providing fellowship for this work.References
Akowuah, G.A., Zhari, I., Norhayati, I., Mariam, A., 2006. J. Food
Compos. Anal. 19, 118–126.
Calabrese, C., Berman, S.H., Babish, J.G., Ma, X., Shinto, L., Dorr,
M., Wells, K., Wenner, C.A., Standish, L.J., 2000. Phytother. Res.
5, 333–338.
Dua, V.K., Ojha, V.P., Roy, R., Joshi, B.C., Valecha, N., Devi, C.U.,
Bhatnagar, M.C., Sharma, V.P., Subbarao, S.K., 2004. J. Ethno-
pharmacol. 2, 247–251.
Jain, D.C., Gupta, M.M., Saxena, S., 2000. J. Pharm. Biochem. Anal.
22, 705–709.
Kumar, R.A., Sridevi, K., Kumar, N.V., Nanduri, S., Rajagopal, S.,
2004. J. Ethnopharmacol. 2, 291–295.
Misra, H., Soni, M., Mehta, D., Mehta, B.K., Jain, D.C., 2009.
Pharm. Communique. 2, 51–54.
Patel, M.B., Kadakia, V.M., Mishra, S.H., 2008. Indian J. Pharm. Sci.
70, 689–693.
Raina, A.P., Kumar, A., Prateek, S.K., 2007. Indian J. Pharm. Sci. 69,
473–478.
Rajagopal, S., Kumar, R.A., Deevi, D.S., Satyanarayana, C., Rajag-
opalan, R., 2003. J. Exp. Theor. Oncol. 3, 147–158.
Rao, Y.K., Vimalamma, G., Rao, V., Tzeng, Y.M., 2004. Phyto-
chemistry 65, 2317–2321.
Shah, K., Trivedi, P., Prakash, S., 2007. Indian J. Pharm. Sci. 69, 457–
461.
High-performance thin layer chromatography method for estimation of andrographolide 389Srivastava, A., Misra, H., Verma, R.K., Gupta, M.M., 2004. Phyto-
chem. Anal. 15, 280–285.
Vijaykumar, K., Murthy, P.B.S., Kannababu, S., Syamasundar, B.,
Subbaraju, G.V., 2007. Int. J. Appl. Sci. Eng. 5, 27–39.
Xu, X.Q., Hu, G.L., Shen, J.C., Li, Q., Wang, X.R., 2002. J. Pharm.
Biomed. Anal., 446–448.Yanfang, Z., Xingping, L., Zongde, Z., Liren, C., Yongmin, L., 2006.
J. Pharm. Biomed. Anal. 1, 157–162.
Zhang, X.F., Tanm, B.K., 2000. Acta Pharmacol. Sin. 21, 1157–1164.
Zhao, J., Yang, G., Liu, H., Wang, D., Song, X., Chen, Y., 2002.
Phytochem. Anal. 13, 222–227.
